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HADLEY 8 QUADRANT 
Demonſtrated; 


And from thence 


Its NATURE, ConSTRUCTION, and Uszs. 
are fully ſhewn. * 


With a Table of 


| The ue DEANS 


For finding 


The LaviTuDE of the PLACE. 


To which is added, 


A New Conſtruction of the Quadrant, which, 4 
buy Means of an artificial HoxILZ Ox, renders 
it of univerſal Uſe by SzA and Lax D. 
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[PREFACE 


Have always looked upon the PRAcTICE 
' of any Art as very deficient without the 
TuxORVY; ond the ſame may be ſaid with 
regard tothe 77 of any Inſtrument; for as Er- 
3 rors in Practice are oftentimes unavoidable by 
the moſt ingemous Artiſt, and cannot be correct 
ed without the Theory; fo if any Fault happen 
in the Conſtruction of an Inſtrument, it cannot 
be detected ſo well as by a Knowledge of the Ra- 
tionale 7hereof, or of the Reaſon of every Part 
3 which compoſes it, and points out its Uſe. Mor ts 
1 there any Art of greater Importance than Na- 
. VIGATION, zor any Inſtrument uſed in this Art 
of” fo much Conſequence as Hadley's Quadrant 
(originally invented by Sir I. Newton.) The 
Theory of this Inſtrument, therefore, ought, a- 
bove all Things, to be underſtood by every Ma- 
riner who has any Share in conducting a Ship, 
But as I have not ſeen any Book where it is ex- 
plammed to the Capacity of young Navigators, I 
thought it would not be miſapplying Time, if I 
offered him my Aſſiſtance in drawing up a "plain 
and eaſy * of the Nature, Conſtruc. 
tion, and Uſe of this capital Inflrument, and 
: which T here preſent them with in the following 


1 ſmall 


1 PREFACE 


ſmall Trac. I have alſo added a Table of | 
the Sun's Declination, for finding the Latitude 
of the Place by the obſerved Meridian Altitude, 
and which ought to go with every Quadrant that 
is fold, to render its Uſe compleat. 
As Sea-faring Men make that Claſs of People 
on whom a Maritime State has the greateſt Depen- 
dance, (and no Nation is fo conſpicuous in that 
Charafer as GREAT-BRITAIN) they ought, 
among us, to be diſtinguiſhed with proper Re- 
gard; to be on all Occafions humaneiy treated; 
fo have due Encouragement and adequate Re- 2 
wards ; and to have all the Helps afforded them 
to render their arduous Practice, in navigating | 
a Ship, as eaſy and pleaſant as Poſſible. T ſhould 
be glad if it were more in my Power to be ſub= | 
ſervient in promoting that great End. This is 
not the firſt, nor (probably 5 l be the laft In- * 
fance of my Willingneſs and Readineſs to contri- | 
bute thereto ; q 


Who am, 


With real Sincerity and Pleaſure, 


Their moſt obedient Servant, 


Benj. MARTIN. 
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PP O equal to 


WT is not to be ſuppoſed that any Perſon can under- 
ſtand the Uſe of any optical Inſtrument whatſoever, 
who is not acquainted with the f Principle (or ra- 

ther Axiom). of OPTICS, viz. That in Cale of Light 


falling on, and reflected from any poliſhed Surface, or Specu- 
lum, the 


Angle of Incidence is ever equal to the Angleof Reflection. 

This Principle is demonſtrated by Writers on OpTics, 

both from Reaſon, and Experiment; and is eaſily illuſ- 
trated by the annexed Figure. Ea 


Let F be a — BS a 
Speculum, or 1 
plain Looking- F, I 
glaſs, on. which Fa of 


a Ray of Light 
SD falls in the / by 
PointD ; then if / 
the Line PD be : 
perpendicular to 6 
the Glaſs in the 
Point D, and. 
make the Angle 


the AnglePDS, 
theLineDO will 
be the refledted LS 
Ray; and in all Tat - h 
Caſes, the Angle of Incidence 8 DP will ever be equal to the 
Angle 8 Reflection PD O. | 


M be an Index fixed at Right-angles to the back 


Part of the Speculum F E in the Point D, it will then be 


, 5 in the Direction of the Perpendicular PD; and ſuppoſing 
The 


the incident Ray SD continued from D to L, then by 
- | 9 53 in- 


(4) 


inclining or moving the Index DM towards D L, the 


Glaſs F E will have the ſame Motion on the Point or Cen- | 
ter D, and at Length arrive to the Situation AB, during 
which Time the ee, PD will gradually ap- 


proach to the incident Ray S D, and, at laſt, coincide 


with it. 

But as the Perpendicular PD approaches the Ray SD, 
the Angle of Incidence PDS is conſtantly decreaſing, 
and therefore, alſo, the Angle of Reflection PD O, which 
is always equal to it. And when P D coincides with $ D, 
or DM with DL, then both thoſe Angles vaniſh; and 
the incident Ray is reflected back upon itſelf, or in the 
ſame perpendicular Direction from D to S. 

In the Time the Perpendicular PD moves Gb the 
Arch P 8, the reflected Ray DO moves thro' the Arch 


OS, * is double the Arch PS. Therefore the Mo- 


tion of the reflected Ray OD is twice as quick as the Mo- 
tion of the Coles PD, or of the Index DM, or 
of the Glaſs itſelf FE. 

If in the Line DL a Circle be deſcribed on C, Witz the 
Radius C D, and the Diameter GT be drawn at tight Angles 


to DK; then if the Index D M paſs pat, the End I 


of that Diameter, it will contain an Angle M D L equal 
to half the Angle I C K, or go Degrees ; . the ſaid 
Angle MDL equal toS DP equal to PD O, is 45 De- 
grees. Hence the Arch OPS is a Quadrant, or go De- 
rees; and therefore, if the Glaſs A B be parallel to the 
on H O, while it (or its Index DM) moves thro” 
45 Degrees into the Situation E E, a Ray from the Sun 


8, in the Zenith, will be reflected from thence to the Ho- 


rizon at O, which is o Degrees. | 
The Lines H O and GN being parallel, the Rrait Line | 
PM, which crofles them both, will make the alternate An- 


_ gles equal, or the Angle HD M. qual to DIG; for it is 
evident, ſince DH and IN are 1 they make the 
Angle HDI equal to the Angle NIM; but the Angle 


NIM is equal to the Angle DIG; therefore the Angle 
HD I is equal to the Angle DIG. 
Every Thing we lives. hitherto premiſed, is, we pre- 
ſume, evident from a bare Inſpection of the Figure, and is 
ſufficient for underſtanding what we have further to = 
rela- 


1 


relating to the Reflection of Light from two Glaſſes, as 


they are put together in the Conſtruction of Hadiey's 
Quadrant, and from whence the Rationale of that Inſtru- 
ment will fully appear. 

Let AB (Fig. 1.) repreſent the larger Glaſs of Hadley's 
Quadrant, moveable about the Center C of the Inſti u- 


ment, by Means of the Index on which it is fixed; and 
let PC be perpendicular theretp in the Point C; then if 


any Ray of Light, as H C, fall upon it in the Point C, 


it will be ſo reflected as to make the Angle of Incidence 


HCP equal to the Angle of Reflection PCG; and 
therefore, by deſcribing on the Center C the Circle M GL, 
and making the Arch PG equal to PH, the Line CG 
will be the refleted Ray. 

Again; let F be the ſmaller Glaſs in a Poſition FN, 


parallel to that of the larger one A B, and ſuppoſe F 


perpendicular thereto; then, again, the Ray of Light 


C falling on this Glaſs on the Point F, will be fo re- 


lected, that the Angle CF Q will be equal to the Angle 
QFl, if FI be the reflected Ray. 

Now becauſe the two Glaſſes AB, and F, are in a 
parallel Poſition, therefore the Perpendiculars PC and 
FQ will alſo be parallel; therefore the right Line C F 
which croſſes them in C and F will make the alternate An- 
gles PC F and CFQ equal; and conſequently, the An- 


gle HCP will be equal to the Angle QF 1, which proves 


that the Ray F I, after two Reflections, is parallel to the in- 
cident Ray H C. Bhs 

Hence it follows, that in all Poſitions of the Quadrant 
(while the Glaſſes remain parallel to each other) the Eye 
at I will view any very diſtant Object in the ſame Place by 


the reflected Ray F I, as it would do by the incident Ray 


at Q, if the Glaſs A B were removed. Hence the Rea- 


| 3 ſon of adjuſting the Quadrant by a diftent- Object, either 


the Horizon itſelf, or any other remote Object, ſince in 
ſuch a Caſe, the Object ſeen by the direct Ray HC, and 


the Image ſhewn by the reflected Ray F I do coincide, or 


appear in one and the ſame Place. 
But this will not be the Caſe when the Object is ſo near, 


that the Line or Diſtance C S ſubtends at the Object a 


1 ſenſible Angle, becauſe then the Incident and ieflected 
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Rays HC and FI interſe& each other; and therofoie the 
Object, and Image in the Glaſs at F, will appear in two 
— Places. The leaſt Diſtance of an Object, by 
which the Glaſſes can be truely adjuſted, is about half a 
Mile; but farther off the better. 

If the Poſition of the ſmall Glaſs (Fig. 2.) F be perpen- 
dicular to that of the large Glaſs A B, or TF N perpen- 
dicular to ABD, and the Line QF perpendicular to the 
ſaid Glaſs in F; then the Angle HCP is equal to the 
Angle PC F, as before; and alſo the Angle CF Q is 


equal to the Ang leQFI; therefore the Angle C F N is 


equal to the 9 IFT; but T N is * 1 
therefore the Angle CF N is equal to the Angle FC P., 
and alſo to the Angle PCH ; conſequently the Angle 
T F lis equal to the Angle P CH. But T F is parallel 
to PC, therefore the reflected Ray IF is parallel to the 


incident Ray HC. Wherefore he 2 of an Object, 


at a great Diſtance, is ſeen at R, by an Eye at I in the 
ſame right Line with the Object Itſelf, but in an oppoſite 
Part of the Hemiſphere ; which gives the Reaſon why the 


Second, or lowermeft of the ſmall Glaſſes is placed in that Poi. 


tion on the Side of the "par for the Back- obſervation. 

If while the Glaſs F retains its Poſition (as in Fig. 1.) 
the large Glaſs A B be moved on the Index from its pa- 
rallel Poſition in A D to any other as AX (Fig. 3.) then 
while the Index C X deſcribes the Angle DC X, the Per- 
pendicular PC will deſcribe the equal Angle PC In 
this Situation of the Glaſſes, let M C be the incident Ray, . 
and F I the laſt reflected One, produce M C till it inter- 


ſects the reflected Ray in I; then will the Angle MI F * 
equal to twice the Angle D CX. 


For in this Caſe, the Angle by the firſt Reflection is in- 
creaſed from G C H to GCM, by the Exceſs HCM; 
but the Half the Angle GC M is G Cp, and its Exceſs 
above GCP (the Half of G CH) is the Angle PCp; 
therefore the whole Exceſs HCM of the whole Angle 
G CM above G CH muſt be equal to twice the Angle 
PC p, or twice the Angle D CX; but ſince HO is pa- 
rallel to FI, the Angle MCH is equal to the Angle 
MIF; conſequenth, the Angle MI F is equal to double the 
Angle DC; therefore the Angle MCH (equal toMIF) 
is alſs double the Angle DCX. Or 
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Or thus; ſince the Glaſs F is immoveable, and alſo the 
Point C, which is the Center of the moveable Glaſs AB; 
it is eaſy to underſtand that the Rays CF and FT will 
each of them be fixed; and therefore the Ray CF may 
be conſidered as falling on the Glaſs A B in the Point C, 
and thereby reflected in the Direction CM; but C M, 
conſidered as the reflected Ray, has twice the Motion of 
the reflecting Glaſs AB, or its Index A X; that is, while 
the Index moves from D to X, the Ray is reflected from 
H to M, and the Arch H M is double the Arch D X, as 
we ſhewed in the Beginning was always the Caſe in a ſin- 
gle Reflection. | | 

Hence it appears, that by moving the Index over any 
Number of Degrees on the Limb of the Quadrant, you 
meaſure an Arch in the Heavens juſt equal to twice that 
Number of Degrees. And therefore the Oart, or eighth 
Part of a Circle, is, by this Conſtruction, rendered equi- 
valent to a Quadrant or fiurth Part of a Circle for mea- 
ſuring Angles. 3 | 

But the greateſt Advantage- of this Inſtrument, and by 
which it excels all others for Sea-uſe, confiſts in this, 
that the Image of an Object, by the ſecond Reflection, is qui- 
eſcent, or at Reſt, awhile the Quadrant is in Motion; I mean, 
that Motion which is made in a vertical Plane paſſing 


through the Object. For let the Inſtrument have what 


Poſition it will in that Plane, the Angle MIF is not 
thereby affected or altered, and conſequently the Poſition 
of the laſt reflected Ray is the ſame, and therefore the ap- 
parent Place, or Image of the Object, muſt neceſſarily be 
invariable or at reſt. _ | ES. | 

To demonſtrate this in the eaſieſt Cafe, we need only 


cConſider, that as the Quadrant moves on the Point C, or 


Axis of the Glaſs A B (Fig. 1.) the Perpendicular PC will 
be carried to, or from the fixed Line HO, and thereby 
the Angle P C H becomes diminiſhed or encreaſed; but 
the Angle PC F will ever be equal to PCH; and be- 
cauſe the Perpendicular QF is always (in this Caſe) pa- 
rallel to PC, therefore the Angle CF Q is equal to 
P CF; and conſequently C FI is always equal to FCH; 
therefore the reflected Ray F I is parallel to H C conſtant- 
ly, and will of Courſe ſhew the Object ever in the ſame 

1 . | Place, 


| f- +3 

Place, or at Reft. The Reaſoning is the ſame for Fig. 2, 
and 3. or any other Poſition of the Glaſſes, provided they 
are parallel to each other when the Index is at the Be- 
ginning of the Degrees on the Limb of the Quadrant. 
If the Quadrant librates Sideways, or has a Motion 
contrary to the former, there will, indeed, be a Motion 
of the Image produced, becauſe, ſince the Image is always 
formed in the Plane of Reflection, which paſles thro' 
the Object and the Eye of the Spectator ; it is evident, if 
that Plane be changed, the Place of the Image muſt 
change with it, and a Motion of the Image will be the 
Effect of ſuch a Motion of the Inſtrument. But then this 
Motion is fo far from being detrimental, that on the con- 
trary it is of very great Uſe in many Caſes, which the Ma- 
riner very well knows. 


Theſe are all the eſſential Particulars which conſtitute 


the Nature and Theory of this capital Inſtrument ; the 
Form of which, as it is fitted for Uſe, with a Nonius, is 
that in Fig. 4. 
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Directions for the Uſe of HADLREVY'Ss Qua- 
| DRANT art SEA, with the Raticnale of each 
particular Proceſs. 


T* Quadrant being applied in the uſual Manner to 

take Altitudes by reducing all celeſtial Objects to the 
Level or Edge of the Sea, this we may call the Marine 
Horizon, in Contradiſtinction to the true or natural Hori- 
| To explain this Matter (Fig. 5.) let ABD be a 
Part of the Surface of the Sea; C, the Center of the 
Earth; A C, its Semidiameter equal to 4.3946552 Engliſb 
Feet. Then if AH be any Height to which the Eye is 
elevated above the Surface of the Sea at A, and through 
the Point H you draw H O. perpendicular to H C, that 
Line H O will be the true Horizon: And if from the Point 


H youdraw HE to touch the Surface of the Sea in ſome 
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4 Point B; then is the Line H E the Marine Horizon, or 
that which appears to the Eye. Laſtly, the Angle con- 


tained between the two, viz. the Angle O HE is called 


the Dip of the Marine, 


or viſible Horizon. 


Hence when the Altirude of the Sun or Star at 8 is 


taken by the Quadrant, the Angle meaſured on the Limb 


} is SHE, greater than the true AltitudeSH O, by the ſaid 


Dip, or Angle OH E, which therefore muſt be ſubduc- 


2 ted from the meaſured Altitude in the fore Obſervation. 


But in the back Obſervation, the Dip of the Sea, or 


N Angle OH E is to be added to the meaſured Altitude, 
bdecauſe the Phænomenon does in this Caſe apparently aſ- 


cend, and comes to the Marine Horizon before it comes 


to the true One. 


, 


The Quantity of the Dip, or Angle O H E is compu- 


angle B C H, right angled 'at B, in 


which the Side B C is known, and alſo the Side CH when 


; the Height of the Eye A H is given. 3 
3 Thus when AH is 44 Feet, the Angle OH E is 8 Minutes, 
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which correſponding | 


eaſures are more particularly ex- 


preſſed in Fig. 6. where AB is a Scale of Feet for the. 


thereto. 


7 Height of the Eye, and'CD a Scale of Minutes adapted 


Beſides this, there is another Correction of the appa- 


4 rent Altitude of Objects meaſured” by the Quadrant; for 


by Reaſon of the Refraction of Light through the Atmo- 


parent Place will be 


2 ſphere, or Body of Air, the Places of all Bodies are raiſed 
2 higher above the Horizon than what they really are; ſo 
that ſuppoſe S the true Place of the Sun or Star, its ap- 


at I by this Refraction of the Air. 


3 And it is the Angle or Arch GE which is meaſured by 
te Inſtrument, and not the Arch FE, which is the real 


Altitude 


s 
Altitude above the Sea; and therefore ſrom the meaſured 
Arch G E we ſubtract on one Hand the Dip of the Marine 
Horizon OE; and on the other, the Arch F G, the 
Quantity of Refraction; and then we get the Remainder 
FO for the true Altitude required, of the Object at 8. 


If we have Regard to the Zenith Diſtance Z F of he Þ 
Object 8, it is plain, that is made leſs by Refraction, be- 


ing only Z G; therefore the Arch FG is to be added to 
the apparent or meaſured Zenith Diſtance, to have the 
true Zenith Diſtance Z F, of the Sun or Star at Ss 
The more obliquely the Rays fall on the Atmoſphere, 
the greater will be the Refraction, and conſequently the 
horizontal Refraction will be greateſt of all, and at the 
Zenith, where the Rays are Perpendicular there will be 
no Reſraction at all. The Altitude obſerved, muſt there- 


fore be corrected by a Table of Refractions; ſuch an one | 


have here added, as follows. 


Fd 
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be known with the utmoſt Accuracy; but this depends 
on knowing the true Quantity of Refraction in the At- 
moſphere at a given Altitude, which will be variable ac- 
cording to the diffent Temperature and Denſity thereof 
at different Seaſons of the Year, This is the Reaſon 
why all Tables of Refraction are in ſome Degree uncer- 
tain, in ſmall Altitudes eſpecially ; and thoſe given by dif- 
ferent Authors, - variable ; ſome making the horizontal 
Refraction 35 30% while others make it only 32“ 20”; 
We therefore chuſe to give that, which is a Mean among 
them all, and is nearly the ſame with that propoſed by 
Sir I. NewrToN. 

An Example or two will make all plain. Suppoſe the 
Obſerver's Eye 25 Feet above the Sea, finds the Altitude 
of the Sun, by the Quadrant, to be 15* 307%. Now to the 
Elevation of the Eye AH 25 Feet, the Dip of the viſible 
Horizon is 6”, and to the Altitude of 15 307, there an- 
ſwers a Refraction in the Table 37“; the Sum of both is 
&, which deducted from the obſerved Altitude 15? 30% 
leaves 15 217 for the true Altitude above the real Hori- 
zon, or Angle FHO. GS. In 

But in Caſe of a Back-obſervation, the Proceſs will be 


1 different; becauſe as all Objects do in the lower Glaſs ap- 
pear inverted, it muſt follow, that thoſe which are abgve 


the true Horizon will appear below it; and thoſe which 
are below will appear in this Glaſs aboye it. And, there- 
fore, ſince upon moving the Index, the Object, whoſe 
Altitude is taking, will appear to riſe upwards, it will 
meet the Marine Horizon or Edge of the Sca, before it 
comes to the true Horizon in the Glaſs. To the Arch 
thus meaſured you muſt therefore add the Dip of the Sea, 
and from that Sum ſubtract the Refraction, and the Re- 
mainder will be the true Altitude of the Sun or Star. 

For Example. Suppoſe by the back Obſervation, I 


find the Height of the Sun ——— ä — 159 1 


N 


JT 


The Eye's Height 25 Feet. | 


| | Sum 15 24 


Subtract the Refraftion — ——— 
| Remains the true Altitude 15% 21 


as before. C N. B. 


7 


(16 Þ | 
N. B. Since the Zenith Diſtance is the Complement - 
of the Altitude, the Reſraction is ever to be added to that, 
as it is always ſubducted from the horizontal Altitude. 
As all Objects in the back Obſervation are made to aſ- 
cend by moving the Index forwards, ſo they will appa- 
rently deſcend by moving the Index backwards; there- 
fore if the Index be ſet to the Beginning of the Degrees, 
and then moved backwards, you will fee the reflected 
Horizon, in the ſilvered Part of the Glafs, defcend to the 
| viſible Horizon or real Edge of the Sea, ſeen through the 
clear or unſilvered Part; and ſince the reflected Horizon 
is as much above the real Horizon, as the viſible Horizon 
is below, tis evident, that, to make both coincide, the 
Index muſt be moved back from the Beginning of the 
Arch, juſt ſo much as is equal to double the Dip of the Sea; 
whence it appears, that by this Means, the Dip may be 
known at any Time, without meaſuring the Height of 
the Eye above the Water. | Ps 


* 
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Of the Diviston of the LB on the Qua- 
DRANT by DIAGONAL LINEs, and a No- 
NIUS. | | 


A each Degree on the Limb is divided into 3 equal 
Parts of 20 Minutes each, ſo each one of theſe is a- 
gain ſubdivided into 10 others by the common Contrivance 
of diagonal Lines, conſequently the Altitude may be ta- 
ken to 2 Minutes by a Quadrant of 18 or 20 Inches 

. Radius. | | OLE | 
But the uſual Conſtruction of this diagonal Limb ſeems 
faulty, as it makes ſo great a Confuſion in the Diviſions 
by ſuch numerous Interſections of Lines; for as there 
are 270 diagonal Lines, and 10 circular Ones, they make 
no leſs than 2700 Interſections, and in ſo ſmall a Space, 
that one would wonder how ſuch a dazzling and compliga-- 
ted Diviſion of a Quadrant, in ſuch conſtant and _—_ 
2 | _ Vie, 


„ dE og 


NT. 
*Uke, could have been fo long tolerated by Cuſtom ; and 
nothing more verifies the Poet's Diſtich, Pu 


CusToM, which Mankind into Slavery brings, 
The dull Excule for doing /illy Things. 


And it is the more to be wondered at, when we conſider 
how readily we find a Remedy in a Diviſion juſt as accu- 
Tate and vaſtly more perſpicuous and eaſy, by diagonal 
Lines without any Interſections at all. For 10 Diviſions 
on the fiducial Edge of the Index, anſwer all the Purpoſe 


of 10 concentricCircles as to Accuracy, and with an hun- 
dred Times the Perſpicuity. | | | 


But the Diviſion of Degrees into Minutes, by that 
Contrivance called the Nox ius, is beyond Diſpute, the 
moſt excellent and elegant of all others; it is alſo very 
eaſy to be underſtood and uſed when rightly conſidered. 
For ſince each Degree is divided into 3 equal Parts, there- 
will be 21 of thoſe Parts in 7 Degrees, each of which 
contains 20 Minutes. Then if, on that Piece of Ivory 
called the Nonius, we take a Length juſt equal to 7 De- 


grees, and divide it into 20 equal Parts, it is evident, 


that ſince 20 of theſe anſwers to 21 on the Limb, each one 
of thoſe will exceed each one on the Limb by 280 Part, 
that is, by ane Minute; therefore 2 on the Nonius will ex- 


ceed 2 on the Limb of the Quadrant by 2 Minutes; 3 on 


the Nonius, by 3 Minutes; and ſo on. Conſequently, if 


the Line at the Beginning of the Diviſions on the Nonius 


be any where between two Diviſions on the Limb, there 
will be a Coincidence of one Diviſion on the Nonius, with 


one on the Limb ſomewhere ; and by obſerving where that 


Coincidence is, you will ſee at the ſame Time how many 
Minutes the Index has paſſed the laſt Diviſion on the Limb. 
Thus if the Coincidence be at the 3d Diviſion on the No- 
mus, it ſhews the Index has paſſed the laſt Diviſion by 3 
Minutes ; if the Coincidence be at the 7th Line on the 
Nonius, then is the Index 7 Minutes beyond the laſt on 
the Limb, and ſo of the reſt. ä . 

But to make this Matter yet clearer, let AB (Fig. 7.) 
repreſent a Portion of the graduated Limb of the Qua- 
drant, and C D the Nonius on the Index, placed appo- 
os | C 2 ſitely 


— 


En | 

ſitely thereto. And in taking an Obſervation, ſuppoſe 
the Beginning of the Diviſions on the Nonius be found 
between 23 and 23? 207, as in the Figure; chien looking 
for the firſt Coincidence of Lines on the Limb and Non: us, 
you find it to be at the 6th Diviſion of the Neniuts, there- 
fore the Altitude is 23? O67. | | 

If two Lines on the Limb ſhould: fall within two Lines 
of the Neonzns (as will ſometimes happen) then that ſhews 
you muſt reckon 4 a Minute, or 307 more than the Left- 
hand Diviſion denotes. 1 

If the firſt Line or Index of the Nomus has moved over 
a Space. leſs than half a Diviſion on the Limb, then the 
Coincidence will be on the Right-hand in the Nomas ; if it 
has moved over more than Half, it will be found on the Left- 
hand; if over juſt Half, the Coincidence will be at 16*. 
This ſhews the Reaſon why the Beginning o is placed in 
the Middle of the Nonius, and not at the End, becauſe. in 
ſuch a Caſe you muſt look through all the Diviſions of the 
Nonius at once for the Coincidence, whereas now we need 
look over but one half of them. | F 
But if 20 Diviſions on the Venius be equal to 19 on 
the Limb, then a Diviſion on the Limb will exceed 
one on the Nonius by 2 Part, that is, by one Minute 
(for 20:19::1:432 = 1— .) Therefore the Fi- 
gures of the Nonzus, in this Caſe, muſt be placed cont 
Ways, viz. to tell towards the Left-hand for the firſt 10 
Minutes, and towards the Right-hand for the 10 laſt. 
This ſhews the Reaſon, why ſome Inſtruments have the 
Figures of the Nonius placed one Way, and ſome the 
other. EGS. | | | 
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To find the Latitude of a Place by the Meri- 
dan Altitude, and Declination of the SUN. 


* HE Altitude of the [ya is taken by the Qua- 
1 dirant, and the Tables adjoined give the Declina- 
tion of the Sun for every Day in the Year at Noon; 

. ; 5 Wien: {-. 


88 
then in the Diagram (Fig. 8.) you obſerve the Circle 
EN Qs is the Meridian; EQ, the Equator; N'S, the 
Earth's Axis; H O, the Horizon; Z R, the prime Ver- 
tical. | | 91 F. | 
Now the Sun (or Star) may be upon the Meridian at 
(a) between the South Part of the Horizon O, and the 
Equator E; or it may be at (5) between the Equator E, 
and the Zenith Z; or it may be on the North Part of the 
Meridian at (c) between Z, and the Pole N; or at (d) 
between the Pole and the Horizon at H. It alſo may be 
in the Equator at E, and in the Zenith Z; and fo upon 
the Whole, there will be the following /ix Caſes with re- 
garn =o ono 
Caſe I. Let the Meridian Altitude be Q a, and South 
Declination Ea; then their Sum is O E, which taken 
2 O Z, or 90?, leaves E Z, the Latitude of the 
Caſe II. Suppoſe the Sun in the Equator at E, then 
its Meridian Altitude O E taken from 9go?, leaves the 
Latitude 4. I 
Caſe III. Let it have North Declination at (5) be- 
tween the Equator and Zenith; then ſubduct the Decli- 
nation E 6 from the Meridian Altitude Ob, and it will 
give O E, the Co-Latitude of the Place. Or, in this Caſe, 
the Declination Eb, added to the Zenith Diſtance Zb, 
will give the Latitude EE. 11108 Ou yeu] 
Caſe IV. If the Sun be exactly in the Zenith Z; 
then its Declination E Z, in the Table, is the Latitude 
of the Place. VV 
Caſe V. If it be between the Zenith and the elevated 
Pole at (c); then the Co-Declination c N taken from the 
. Meridian Altitude He, leaves HN, the Pole's Height, 
or Latitude required. C 
Caſe VI. Let the Phænomenon be at (4) between the 
Pole and the Horizon; then its Meridian Altitude H! 
taken from its Declination Q 4, leaves QH the Comple- 
ment of the Latitude ſought. E 
Therefore it is clear, that you can find the Latitude by 
Means of the Quadrant, and Table of the Declination 
of the Sun, which on that Account we haye here ſub- 
joined. | | * 
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N. B. As it is moſt convenient, when Exactneſs is re- 
quired, to obſerve the Sun's Altitude by the under or up- 
per Limb touching the Edge of the Sea, I preſume the 
young Navigator need not be told that in the former Caſe 
the Sun's Semidiameter, or 16”, is to be added, and in 
the latter to be ſubtracted from the obſerved Altitude, to 
have the true Altitude of the Sun's Center. And that on 


the Contrary, with Regard to the Zenith Diſtance, the 1 We 


is to be ſubtracted for the lower Limb, and added for the 
Upper, to have his true Diſtance from the Zenith, 


A new Conflruftion of HADLEV's QUaprRant = 
_ _ with an artificial HoR1ZoN. 5 


N the Uſe of HApILEVL's QuanranT, the Index 
moves about an Axis at Reſt; if then a black Right- 
Line be drawn on the Index Glaſs AB, and placed exact- 
ly on the Center of Motion C, it will repreſent that Axis, 
and conſequently be at Ref? while the Index moves about 
1 | 
] The Image of this Line in the Glaſs F will be plainly 


| ſeen by the Eye at I, and it will there appear alſo without 


Motion, let the Quadrant or Index move as they will. 
If the Plane of the Quadrant be perpendicular to the 


* Horizon, the Axis of Motion will be parallel thereto; and 


therefore the apparent black Line in the Glaſs F will be 
fixed in a Poſition parallel to the Horizon, in every verti- 
cal Poſition of the Quadrant. 

Laſtly, in that Poſition of the Quadrant where the 
middle Point E of the Limb is in a Line CE perpendicu- 
lar to the Horizon, the Line in the Glaſs F will be in the 
Plane which paſſes through the Eye, and is at the ſame 


Time parallel to the Horizon. Therefore the ſaid black 


Line in the Glaſs F will become a fixed ARTIFICIAL 
HoR1Z0N, as required, to render the Uſe of this excel- 
lent Inſtrument amverſal on SEA and LAND, 5 

| | For 


*%* ., 


6 | 

For the more ready and expeditious Uſe of this new 
ctonſtructed Oc r AN r, it is placed on a Foot or Stand, with | 
a Plumb-line, or Spirit-Jevel, to bring it perciſely into a 
perpendicular Pofition by adjuſting Screws at the Bot- 
tom; through the Stem there paſſes a ſtrong Screw into IEA 

the back Part of the Quadrant which, keeps it very ſteady 9 
and firm for Obſervation. On the Top of the Stand is a 
Ball and Socket on which the Quadrant is immediatelß "1 
placed in a vertical, oblique, or horizontal Poſition, as Uſe . 
requires ; and thus all Angles are meaſured from the Ze- 1 | 
nith to the Nadir, all round the Horizon, and in any ob- | 
lique Circle, by proceeding according to the following | 
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Directions. . 57 
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The Uſe of Hao X,$QUBBRANT in fakitig | * 
_ - ALTITUDES af Land; N Means of the AR- i] 


 TIFICIAL HoR1ZON. EB 


LACE the Quadrant on a firm Table, -and in a verti- 
cal Pofition with its Limb downwards, where faſten - 
it by the Screw in the Stem, and adjuſt it by the Plumb- | 
line or Spirit- level, to a true perpendicular Poſition. Then #4 
move the Index forward till the Object is brought 1.4 
down to the artificial Horizon in the ſmall Glaſs, and then - 
it will appear in the real Horizon, and the Angle of Alti- | 
tude above the Horizon will be ſhewn to a Minute on the | 
Limb of the Quadrant. This Method is moſt ready and 
accurate for all Objects both Terreſtrial and Celgſtial. | 
But with reſpect to the Sun, its Altitude may be taken, „ : 
without looking at it through the Quadrant; for on the { 
Sight-vane, which is ſilvered on the Inſide, is a black i 
Line drawn through the Sight-hole parallel to the Hori- 1 
Zon ; therefore by only moving the Index, the Shadow of | 
the artificial Horizon will be ſeen on the Vane, and wen 1 
tit exactly coincides with the black Line, the Altitude of | þ 
the Sun is then ſhewn on the Limb of the Quadrant. In | 
this Conſtruction of the Quadrant, the Moment of Time i 
2 | = | when | 


OO, 

| when the upper and lower Limb of the Diſk of the Sun or 
Moon touches the artificial Horizon, may be obſerved ; 
and from thence the Time of the Tranſit of the whole 
' Diſk over a right Line may be known for any Altitude, 
which may be of frequent Uſe in Aſtronomy. 


—— — ny 
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- The Uſe of the Quarrant (thus conſtructed). 
for taking the Angle of r below 
the HoklIzox. 


THE Quadrant being 3 on a Ball and Socket 

is to be inverted, or turned with its Arch upwards, 
where it is faſtened by the Screw in the Stem; and adjuſt- 
ed to a perpendicular Situation by the Plummet or Level. 
Then if the Index be moved till any Object be gradually 
raiſed up to touch the art:ficial Horizon, it will then ap- 
pear in the true Horizon; and the Angle of Depreſſion, 
or Depth, will be expreſſed to a Minute on the Limb of 
the Quadrant above. 

Thus all Angles of Altitude or Den above and 
below the Horizon, from the Zenith to the Nadir, are 
meaſured with the greateſt Exactneſs and Eaſe. 

N. B. In all Caſes, the artificial Horizon is to be under- 
ſtood of a Line paſſing thro' the Eye parallel to the Hori- 
zon of the Place. And therefore the Height of the Eye 
is to be added or ſubtracted in taking Altitudes or Depths, 
in the ſame Manner as in common Quadrants. 


1 


7 he je U of the ch any in weck! Ho- 
f | __ RIZONTAL ANGLES. 


THE 8 for this Purboſe is placed i in a Poſition 
| parallel to the Horizon, or nearly ſo (for Exactneſs 
in this Reſpect is not neceſfary.) Then that Line which 
e was the art Hcial Horizon, is now a general Perpendi- 


cular 


(dE 
cular tothe Horizon.) Then if there be any Mandir of 
Objects A, B, C, D, &c. whoſe angular Diſtances you 
would Ay oroched thus : Bring the general Perpendi- 
cular in the Glaſs to coincide with the fuſt Object A on 

N the left Hand, and fix the Quadrant firmly; then move 
| the Index till you ſee the. Object B on the perpendi icular 
Line in the Glaſs, and the Angle between A and B is 
then ſhewn by the Index on the Limb of the Quadrantto a 
Minute. 

In the ſame Manner you proceed, by moving the 8 
to bring the other Objects C, D, Sc. to the artificial 
Perpendicular, and their angular Diftarices from A, and 
from each other, are immediately known. 

If it happens that D be more, than go Degrees 400 A, 
and C be leſs, then looſen the Screw of the Socket, and 
turn the Quadrant round till the Object C be exactly on 
the Perpendicolar in the Glaſs; Hon you meaſure the 
Angle between C and D, as before ; which added to the 
Angle between A and C, gives the Angle between A and 
D. And thus you may proceed to meaſure Angles quite 
round the Horizon, in the ſame Manner as with a 11 e- 
da but much more exactly. e „„ ͤ è + | | 
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*- - Manner of uſing e new. krete 
QUADRANT at SEA. up 


O the Maſt of a Ship let a flrong Bar of Iron be tat =» 
1 from the End of which, by means of a Gimbol, let 3 
a Pendulum be ſuſpended ; if the Ball be very heav 

and the Pendulum of 3 or 4 Feet length, the better. To 
this Pendulum the Quadrant is applied, and thereby kept 
always in a perpendicular Situation, 

Then ſuppoſe the Ship in Habour, ſurrounded with 
high Lands, Clifts, Houſes, Sc. ſo that no Horizon ap- 
pears in the Parts towards, or oppoſite to the Sun; in 

ſuch a Caſe the common Uſe of Hadley's Quadrant ceaſes; 
but with the artificial Horizon, the Altitude of the Sun 
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may be taken when it ſhines, thus ; turn the Quadrant 
on the Pendulum to the Sun, and move the Index till you 
obſerve the Image of the artificial Horizon coincide with 


the horizontal Line on the Ivory Sight-vane, and then 


the Altitude of the Sun i is ſhewn on the Limb of the Qua- 
drant. 


A, in hazy « ee) Weather, when the Sun does 
not e, 


and no Horizon appears, yet the Place where 
the Sun is, is often- times very eaſy to be obſerved, and if 


| 8 be viewed in the pendulous Quadrant, and brought 


the artificial Horizon, the Sun's Altitude is ſhewn. 
on the Limb nearly as exact as if it had ſhone. The 


| Manger of making theſe Obſervations is very eaſy with a 
little Practice. 


Or with a ſingie Lens the Image of the Sun, whether 
bright, or behind a Cloud, may be caſt on the Line of the 


Sight-vane, and thereby its Altitude is immediately diſ- 


covered. 
Theſe new Onadrants: may be otherways conſtructed, 


to be uſed at Sea, for taking the Altitude of the Sun or 


Stars, when no Horizon appears. I have ſhewn them to 


many Gentlemen who are good Judges of the Nature and 


Uſes of this Inftrument, who have unanimouſly approved 


ol it; and to whom] have fold many of them, of different 


+ Sizes, from 6 Inches to 2 Feet Radius. 


N B. Theſe Quadrants no ſooner were made Public | 
than they were pirated ; but as their Truth depends 
ſome nice Punctilios in the Conſtruction, which they whe are 
unacquainted with the Theory of Optics can know nothing 
of, thoſe er he os encourage the Piracy, are not 
to wonder if they find themſelves ES are be Uſe | 
pf a bad Conf Inſtrument. 


